NACA RM_Lb1BO9

e

- s . - . ANTFTTT L L e

-~

RESEARCH MEMORANDUM

WIND-TUNNEL INVESTIGATION AT LLOW SPEED OF THE EFFECTS OF
SYMMETRICAL DEFLECTION OF HALF-DELTA TIP CONTROLS ON
THE DAMPING IN ROLL AND YAWING MOMENT DUE TO
ROLLING OF A TRIANGULAR-WING MODEL
By Walter D, Wolhart

Langley Aeronautical Laboratory

: S o ‘ SC-
RESFRICTED 'INGLASS1c §% o ros,

Langley Field (Yap CQIFICATION CANCFLYD
Auizan S ngx.. > .. ;.&.;;4['4’/_4:3.

L0 165701 .

cmmnmcumay'---m[tﬁ--‘/- _2__1 é':ﬂ’---—--see M'_E.La._‘

d Information affecting the Natonal Defense of the U mu.th?? /
mnm;umzapmut,nscwnmsz Ns transmission T T BECLAT S00 M W""

prondotory

reon Is by law.
lh!omn.lon-o h&smedmboimpuhdonlybpomumthemmuyndumm of the United
‘States, te clivilian officers and employees of the Fedaral Chvemmniwhnhw:hgmmh]nmrut
Lblre!.n, and to United States citizens of kmown loyalty and who o must be

tharsof.

NATIONAL ADVISORY COMMITTEE
FOR AERONAUTICS

WASHINGTON
April 6, 1951 NINCLASSVFIET

Ry

j -t
o v



. ué!' ' —~ 3t - N
NACA RM L51B09 SRR Y I

NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS

RESEARCH MEMORANDUM

WIND-TUNNEL INVESTIGATION AT LOW SPEED OF THE EFFECTS OF
SYMMETRICAL DEFLECTION OF HALF-DELTA TTP CONTROLS ON
THE DAMPING IN ROLL AND YAWING MOMENT DUE TO
ROLLING OF A TRIANGULAR-WING MODEL

By Walter D. Wolhart
SUMMARY

A low-speed investigetion was made in the Langley stability tunnel
to determine the effects of symmetrical deflection of half-delta tip
controls on the damping in roll and yawing moment due to rolling of a
trianguler-wing model.

The results showed that a negative deflection of the tip controls
caused an increase in the damping in roll over the lift-coefficient
range from ebout 0.1 to 0.6 but generally resulted in a slight decrease
beyond these limits for the deflectlon range investigated.

A negative deflection of the tip controls caused & negative incre-
ment in the yawing moment due to rolling which was only roughly propor-
tional to control deflection and varied erratically with 1ift coefficient.

For a control deflection of —20°, increasing the control size caused
a small negative increment in the yawlng moment due to rolling throughout
the lift range and decreased the damping in roll slightly for 1lift coef-
ficients above about 0.8 for the range of control sizes investigated.

INTRODUCTION

Wings of trisngulasr plan form, combining the structural advantages
of low aspect ratio and high taper with the aerodynemic benefits of g
highly swept leading edge, have been shown to be suitable for flight up
to moderate supersonic speeds. The problem of obtalining adequate longi-
tudinal and lateral control with acceptable control forces is rather
difficult, however. Conventional hinged flaps, such as those used in
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the investigations reported in references 1 and 2, appear—to be rea-
sonably effective, although the hinge moments are of such magnitude

that a powerful boost system probably would be required in order to
cperate the controls. The use of hslf-delts tlp controls, pivoted near
their optimum centers of pressure, would seem to offer one means of
reducing the hinge moments within acceptable limits. Results of unpub-
lished tests of such controls have indicated, however, that in order—to
obtain sufficient lateral-control effectiveness at high angles of attack
the controls may have to be deflected dlfferentially from an initial
negative (nose-down) deflection. The initial negative deflection of the
controls probably results in a reduced tendency toward tip stalling at
high angles of attack, which, in addition to improving the lateral con-
trol effectiveness, might be expected to have some effect on the
stabllity derivatives resulting from rolling.

The present investigation, therefore, was made to determine experi-
mentally the effects of iInitial control deflectlions on the damping in
roll and on the derivative of yawing moment due to rolling.

SYMBOLS

The data presented herein are In the form of standard NACA coeffi-
clents of forces and moments which are referred to the stability system
of axes with the origin at the quarter-chord point of the mean aero-
dynamic chord. The positive directlon of forces, moments, and sngular
displecements are shown in figure 1. The coefficients and symbols are
defined as follows: '

CrL, 1ift coefficient (L/qgS)

C3 rolling-moment coefficient (L!'/qSb)
Cn yewing-moment coefficient (N/gSb)
L 1ift, pounds

Lt rolling moment, foot-pounds

N yawing moment, foot-pounds

A aspect ratio, 2.31 (be/S)

b wing span, 3.0k feet

s wing area, 4.00 square feet
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Sc .control erea (total), square feet

c wing chord parallel to plane of symmetry, feet

- : 2 b/2 2

c wing mean serodynamic chord, 1.76 feet §L/; c

a dynamic pressure, pounds per squere foot (pV2/2)

o] mass density of air, slugs per cubic foot

v free-stream velocity, feet per second

a angle of attack measured in plane of symmetry, degrees

é symmetrical deflection of both control surfaces, degrees
P rolling angular velocity, radlans per second

pb/2V wing-tip helix engle, radians

&
B

Cnp =

2

Lo}
AL

APPARATUS, MODEL, AND TESTS

The tests of the .present investigation were made in the 6- by 6-foot
test section of the Langley stability tumnel.. The 1ift characteristics
of the model were obtalned with the model mounted on a single strut
support which was in turn connected to a conventional six-component
balance system. The- aerodynamic characteristics of the model in roll
were obtained with the model mounted on the forced rotation rig described
in reference 3. The rolling moment and yawing moment of the model when
nmounted on the forced-rotation rig were measured by means of strain gages.

All the tests were made with the model mounted et the quarter-chord
point of the wing mean aerodynaemic chord. The gap between the model and
the mounting point was closed by a small canopy to prevent air flow
through the gap.
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The model used in this investigation was a triangular wing (fig. 2)
constructed of laminasted mehogany. The wing had a 60° sweptback leading
edge, an aspect ratio of 2.31, and a basic NACA 65(06)-006.5 alrfoil

section parallel to the plane of symmetry, modified to have straight

sides from the trailing edge to the point of tangency with the TO-percent-
chord point. The wing was provided with half-delta tilp controls whose
total area was 0.05, 0.10, or 0.15 of the wing area.

The following table summarizes the tests made, the range of
variables, and the quentities measured during the investigation.

S¢/8 5 o pb[EV Quantities
(deg) (deg) (radians) measured
c.10 0, -20, -30 -4 to 37 0 L
0.05, 0.10, 0.15 -20 -4 to 37 0] L
0.10 0, -20, -30| O to 37| -0.08 to 0.08 | N, L'
0.05, 0.10, 0.15 -20 0 to 37} -0.08 to 0.08 N, L'

All the tests were made at a dynamlc pressure of 39.7 pounds per
square foot, which corresponds to & Mach number of 0.17 and a Reynolds
number of 2,060,000 based on the wing mean aerodynamic chord of 1.76 feet.
A photograph of the model mounted on the forced-rotation rig in the
Langley stability tunnel is presented as figure 3.

CORRECTIONS

Approximate Jet-boundary corrections hesve been gpplied to the angle
of attack and to the rolling-moment coefficient by the methods of refer-
ences 4 and 5, respectively. No blocking or tare corrections have been
applied to the data. :

RESULTS AND DISCUSSION

Lift Characteristics

The measured 1lift characteristics of the model are shown in figure k,
The data of figure 4(a) show the variation of 1ift coefficient with angle
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S
of attack for various deflections of the control having ?? = 0.10, and

the data of figure 4(b) show the variation of 1lift coefficient with
angle of attack for various Sc/S ratios and a control deflection of
-20°. These date show & change in 1ift approximastely proportional to
control deflection or to control area for a glven deflection at low
angles of gttack., These date are presented herein primarily to relate
the 1ift coefficient and angle of attack in order to facilitate the
analysis of the rolling derivatives for the various model configurstions.

Rolling Charscteristics

The rolling parameters Cnp and Czp of the various model con-

figurations are presented in figures 5 and 6 as functions of the angle
of attack and 1ift coefficient. The following discusslon generally is
limited to the variation of the parameters with 1ift coefficient, but
the remarks are generally applicable alsoc to the variation of the
parameters with angle of gttack.

Effect of control deflection.~ The effects og control deflection
were determined only for the configuration with 1; = 0.10, and the
results are shown in figure 5. With the controls undeflected, negative

values of CnP were obtalned only for a small range of 1ift coeffiecients
neexr Cr, = 0 with positive values of Cn_P resulting for 1ift coeffi-

cients above sbout 0.2%. The change from negative to positive values
of Cn_P has been attributed to the increased profile drag, which

results from partial separstion of flow from the wing surfaces (see
reference 6). A negative deflection of the controls contributed &
negative increment to CnP throughout the lift-coefficient range and

hence also extended the range of negative wvalues of CnP to higher 1ift
coefficients. The increment in CDP caused by control deflection was

only roughly proportional to the control deflection and varied
errgtically with 1ift coefficlent. ’

The measured value of CIP with controls undeflected was -0.165

at Cr, = O, which agrees well with the value of -0.158 given by the
theory of reference 7. The damping in roll was nearly constant in the
lift-coefficient range from C; = O to about Cp = 0.35 but decreased

with increasing lift coefficient for 1ift coefficients above sbout

Cr, = 0.35. The general character of the demping-in-roll curve through
the 1ift range is similar to that shown in reference 8 for a triangular
wing bhaving 63.11-o sweptback leading edges and flat-plate airfoil sections.
However, since a higher maximum 1ift coefficient was obtained in the
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present tests -~ probably because of the higher Reynolds number end 4if-
ferences in airfoil sectlon - the wvalues of Czp at a given 1ift coef-

ficient near maximum 1ift were found to be more negative than those of
reference 8. The pressure-distribution investigations of references 9
eand 10 hgve shown that at low and moderate angles of attack the section-
lift-curve slopes of sections near the wing tips mey be considerably
higher then the average lift-curve slope of the wing. This phenomenon
and the early tip stall assoclated with triengular wings probably account
for the nonlinear wvariation of Czp with 1ift coefficient. The loss

in CZP at high 1ift coefficlents 1s caused by the stall progressing

inboard from the wing tips. Deflecting the tip controls -20° caused s
small increasse in the damping in roll at moderate 1lift coefficients
(near sbout Cp = 0.25) and s deflection of -30° csused a decrease in

Czp near zero lift but an Increase in Czp from C1, = 0.1 to about

Ci, = 0.6. A control deflection of either -20° or -30° generally
decreased Czp for 1ift coefficients above about 0.6. The effects of

tip-control deflection on the damping in roll probably can be assoclated
with the wvariation of spanwise loading characteristics with angle of
attack and the change in effective angle of attack of the tip due to
control deflection. A deley in tip stall (by a reduction in the effec-
tive tip angle of attack) casused & delay Iin the reduction in Czp to

higher angles of attack.

Effect of control slze.- The effects of control size on the varia-
tion of CnP and CzP with angle of attack and 1lift cocefficlent are

shown in figure 6 for the three control sizes investigated at a deflec-
tion of -20°, The data show & slight negative increment in CnP

throughout the lift range caused by increasing control size. The
demping-in-roll parameter CZP was only slightly affected by changes in

control size at low and moderate 1lift coefficients but showed a small
decrease 1n Czp with Increasing control size for 1ift coefficients

ebove about 0.8 for the range of control sizes investigated.

CONCLUSIONS

The results of an investigation to determine the effects of
symmetrical deflection of half-delta tip controls on the rolling charac-
teristics of a triangular-wing model have led to the following conclusions:

1. A negative deflection of the tlp controls caused an increase in
the demping in roll over the lift-coefficient range from about 0.1
to 0.6 but generally resulted in a slight decrease beyond these limits
for the deflection range investigated.
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2. A negative deflection of the tip controls caused a negative
increment in the yawing moment due to roll which was only roughly
proportional to control deflection and varied errastically with 1lift
coefficient.

3. For a control deflection of -200, increasing the control size
caused a smell negstive increment in the yawlng moment due to rolling
throughout the 1lift renge and decreased the damping in roll slightly
for 1ift coefficients above sbout 0.8 for the range of control sizes
investigated. :

Langley Aeronsuticel Leborstory
National Advisory Committee for Aeronautics
Langley Fleld, Va.
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Felative wind.

]

Relative wind

Section A-A S

Figure l.- System of axes used. Positive direction of forces, moments,
and angular displacements is Indicated.
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Flgure 2.- Geometric characteristics of the wing and control configurations

tested.

(All dimensions in inches.)
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(a) Front view.

g
Figure 3.~ Triangular wing with -§9- = 0.10 controls deflected ~20° mounted
on the forced rotation rig.
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(t) Rear view.

Figure 3.- Concluded.
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Figure U.- Variation of 1ift coefficient with engle of attack for the various
control deflections and control sizes investigated.
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Figure 5.- Effect of control deflection on the variation of Cnp end CIP
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